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Abstract 
Various conventional control strategies was performed using Proportional Integral Derivative (PID) controller which 
have been applied for control of a debutanizer column. Tuning of PID control strategies studied are using Smith 
Predictor control, Internal Mode control, Cascade control, Feedback control and Feedforward-feedback control. The 
comparisons were conducted using MATLAB Simulation in SIMULINK. The comparison for each control strategy 
performance was conducted in terms of response towards set point changes, and to evaluate the Process Variable 
(PV) and Manipulated Variable (MV). The success of control strategies are determined by the stability of the 
process model obtained from each control strategies by evaluating the IAE value. 
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1. Introduction 
PID controller is one of the common type of controller used in industries and has became an essential element of 
process control which was first introduced and implemented in the early of 1940s [1]. In most of the industry 
especially involved in building complicated automation systems, PID control is often combined with logic, 
sequential   functions,    selectors, and  simple  function  blocks    that will be   used in used   for   energy production  
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Nomenclature 
Kc Proportional controller 
Ti Integral time  
Td Derivative time 
 
transportation, and manufacturing [2]. However, considering the facts that the PID controllers are the most widely 
used  control  mechanism  in  the  world,  the  PID  control  itself also considered  as  the  most  basic form of 
control strategy, which limited in their capabilities especially when complex processes are required to perform a task 
[3]. When the PID being used alone or without specific tuning, the performance can be very poor as the PID 
controller only capable of measuring varying inputs and calculating the difference between them, and also have lag 
in responding to large disturbances [4]. This study been conducted to compare different advanced control strategies 
in tuning controller method in debutanizer column. The comparisons were done by MATLAB simulation to evaluate 
the performance of the controllers in terms of response towards set point changes, the opening valve which 
represented by Manipulated Variable (MV) and error. There are 4 different parameters in the debutanizer column 
being studied and analysed including flow rate, level, pressure and temperature. 
Advanced control strategy that being tuned and studied in the debutanizer column including Smith Predictor 
Control, Internal Mode Control, Cascade Control, Feedback Control and Feedforward-feedback Control.  Smith 
Predictor Control is being designed by considering the controller is effective with long dead time which will be 
achieved by located the inner loop within main controller to neglect the effects of the dead time [5]. Internal Mode 
Control being designed based of concept of stable and robust, meanwhile Cascade Control being designed in a way 
that to nest one feedback loop inside another feedback loop using two controllers [6]. For Feedback Control, the 
manipulated variable is adjusted based on the measurement of the controlled variable (CV) meanwhile for 
Feedforward-feedback Control; manipulated variable is adjusted based on the measurement. [7]. All the control 
strategy stated here being studied and analysed using MATLAB, which the methodology and results will further be 
explained in the next section. Most of the control strategies used in industry are feedback control.  Therefore the 
main contribution in this work is to implement advanced control strategies for the debutanizer column.   
1.1 Methodology 
 
i. The goal and scope of the study were identified to compare different advanced control strategies by tuning 
the controller for the debutanizer column using simulation in MATLAB. 
ii. An initial research on tuning controller method conducted which focused on PID controller and tuning in 
debutanizer column. 
iii. Process of identifying the suitable variable and parameters that will be studied and analyzed was 
conducted. Four main parameters has been identified including flow rate, level, pressure and temperature, 
meanwhile two main variable has been identified for varying the simulation of the control strategy which 
are step point changes. 
iv. Process of developing and selecting the appropriate process model which are the transfer function was 
conducted. The process was conducted using Identification Toolbox (IDENT) in MATLAB. The transfer 
function for each parameter was selected based on high accuracy which range from 0 to 100. 
v. Next, block diagram represented each advanced control strategy was built and developed using SIMULINK 
in MATLAB. The block diagram being developed with objectives of producing results of small error, 
optimum manipulated variable (MV) fluctuations and the process variable. 
vi. Using the selected transfer function, simulation was been conducted in each block diagram. The PID 
controller has been tuned using configuration below obtained from industry: 
 
         Table1.  Tuning for PID Controller 
Controller Flow 1 Level 1 Pressure 1 Temperature  5 
Kc 1.00 2.22 2.00 0.74 
Ti (seconds) 30 660 42 250 
Td (seconds) 0 0 0 80 
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    Table 2. Transfer function process model  
Parameter Transfer function 
Flow 1 
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Level 1 
 
      
 
Pressure 1 
 
                  
 
Temperature 5 
 
                  
 
The PID equation is used to determine the controller output (manipulated variable) derived as given below; 
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vii. Finally, all the results obtained from the simulation was analysed and compared for each control strategy, 
and the best control strategy for each parameter are selected. 
2.  Results and Discussion 
2.2.1. Block Diagram 
 
 
Fig. 1. Block Diagram of Smith Predictor Control 
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Fig. 2. Block Diagram of Internal Mode Control 
 
 
 
 
 
 
 
 
Fig. 3. Block Diagram of Cascade Control 
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Fig. 4. Block Diagram of Feedback Control 
 
 
 
 
Fig. 5. Block Diagram of Feedforward-feedback Control 
 
2.2.2. Results of Simulation 
Set point changes 
For set point changes, the best controller for each parameter are analyzed. The fluctuations of the Manipulated 
Variable (MV) against time have been selected as the main criteria which represent the opening of valve, followed 
by IAE value as the second criteria and the fluctuations of the process variable for the third criteria. For Flow 1, 
Internal Mode Control has been selected as the best control strategy. Integral absolute error is calculated to be 367. 
Flow 1 fluctuates initially and straight goes to the set point at 300 s and small overshoot and decay ratio are 
observed. The MV moves fluctuates and stable at valve opening 10% at 300 s.    
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                                 Fig. 6. MV vs. Time for Flow 1    Fig. 7. Flow 1 vs. Time  
 
For Level 1, Internal Mode Control has been selected as the best control strategy. Integral absolute error is 
calculated to be 5520. Level start to increase exponentially and straight to the set point at 50% at 300 s. The MV 
moves increases from 100 to 150 and start to decline at 300 s at -50% which is unfavourable as it will damage 
the valve.  
 
 
 
Figure 8: MV vs. Time for Level 1      Figure 9: Level 1 vs. Time  
 
 
For Pressure 1, Smith Predictor Control has been selected as the best control strategy. Integral absolute error is 
calculated to be 12500. Both the Pressure 1 and MV produces oscillatory response and it is unfavourable as it 
does not reach set point and unstable.   
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Figure 10: MV vs. Time for Pressure 1   Figure 11: Pressure 1 vs. Time  
 
 
 
For Temperature 5, Internal Mode Control has been selected as the best control strategy. Integral absolute error 
is calculated to be 458. The Temperature start to increase to 250C and have small overshoot and settle at 300 s. 
The MV moves start to increase to 25% and decreases drastically to 2.5% and settle at 300 s.  
 
 
 
Figure 12: MV vs. Time for Temperature 5   Figure 13: Temperature 5 vs. Time 
 
 
Based on the result obtained for Step variable, Internal Mode Control has been selected as the best controller for all 
parameters, considering the Manipulated Variable which represent opening of the valve showed consistent and 
stable value that range from 0 to 100, followed by small error. 
 
3. Conclusion 
 
As a conclusion, this research has fulfilled its objective which is to compare different advanced control strategies in 
tuning the controller for debutanizer column. All the advanced control strategy have been studied and analysed 
using the tuning values for debutanizer column and the simulation for optimum transfer function for each parameter 
have been successfully conducted using SIMULINK in MATLAB. Based on the results with respect to set point 
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changes, Internal Mode Control has been selected as the best control strategy that being used with PID tuning in 
debutanizer column. For future work, more parameter should be studied and take into consideration to improve the 
performance of the control strategies for the debutanizer column. 
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